Massive stars can alter physical conditions and properties of their ambient interstellar dust grains via radiative heating and shocks. The H II regions in the Large Magellanic Cloud (LMC) offer ideal sites to study the stellar energy feedback effects on dust because stars can be resolved, and the galaxy's nearly face-on orientation allows us to unambiguously associate H II regions with their ionizing massive stars. The Spitzer Space Telescope survey of the LMC provides multiwavelength (3.6-160 µm) photometric data of all H II regions. To investigate the evolution of dust properties around massive stars, we have analyzed spatiallyresolved IR dust emission from two classical H II regions (N63 and N180) and two simple superbubbles (N70 and N144) in the LMC. We produce photometric spectral energy distributions (SEDs) of numerous small subregions for each region based on its stellar distributions and nebular morphologies. We use DustEM dust emission model fits to characterize the dust properties. color-color diagrams and model fits are compared with the radiation field (estimated from photometric and spectroscopic surveys). Strong radial variations of SEDs can be seen throughout the regions, reflecting the available radiative heating. Emission from very small grains drastically increases at locations where the radiation field is the highest, while polycyclic aromatic hydrocarbons (PAHs) appear to be destroyed. PAH emission is the strongest in the presence of molecular clouds, provided that the radiation field is low.
Introduction
Far infrared (FIR) emission of interstellar dust has been commonly used to gauge star formation rates (e.g., Calzetti et al. 2010) . In a star-forming region, interstellar dust can be heated, sputtered, and shattered by energy feedback from massive stars via ultraviolet (UV) radiation, fast stellar winds, and supernova remnant (SNR) shocks. It would thus be prudent to investigate how dust properties are modified in the harsh environment around massive stars.
The Large Magellanic Cloud (LMC) provides a nearby, ideal laboratory to study the influence of massive stars on dust properties because of the following advantages over our Galaxy: (1) the LMC has a nearly face-on orientation, mitigating the confusion and extinction along the Galactic plane; (2) the LMC is at a known distance, ∼50 kpc (Feast 1999) , so stars can be resolved and studied in conjunction with the interstellar gas and dust; and (3) there exist many complementary multi-wavelength observations of stars, gas, and dust in the LMC. For these reasons, the LMC has been targeted by every space-based IR observatory to study dust properties and calibrate dust emission as star formation indicators.
The first report of Spitzer Space Telescope observations of an LMC H II complex was made by Gorjian et al. (2004) for LHA 120-N206 (N206 for short; designation from Henize 1956 ); its dust emission was qualitatively compared with that of the Orion Nebula. Subsequently, the entire LMC was surveyed by Spitzer in the Legacy program Surveying the Agents of a Galaxy's Evolution (SAGE; Meixner et al. 2006) . Using the SAGE and additional data of 32 H II complexes in the LMC and Small Magellanic Cloud (SMC), Lawton et al. (2010) found that the 70 µm fluxes appear to be the best star formation indicator, although the correlation between the 70 µm flux and the bolometric IR flux in the 30 Dor giant H II region shows a large degree of scatter. The anomaly in 30 Dor could be attributed to the intense energy feedback from the large number of massive stars encompassed by this region.
The SAGE data have also been used to analyze the global FIR emission in the LMC and spectral energy distributions (SEDs) of three large regions selected to represent different levels of star-formation activity (Bernard et al. 2008) . A 70 µm excess in the SEDs is found, and this excess increases along the sequence "Milky Way-LMC-SMC", suggesting an influence of decreasing metallicity. Bernard et al. (2008) fit the SEDs with an improved version of the dust emission model by Désert et al. (1990) and suggested that the 70 µm excess can be explained by modifying the size distribution of very small grains (VSGs) to have an increased abundance of larger VSGs. Since large VSGs can be produced through erosion of large grains in the diffuse medium, the presence of VSGs suggests effects of energy feedback.
To investigate the effects of massive stars on dust emission, Slater et al. (2011) studied the dust properties of 4 classical and 12 superbubble H II regions in the LMC and found little correlation between dust emission properties and the spectral type of the hottest star, the bolometric luminosity of the underlying massive stars, or the evolutionary status of the H II regions. This result is surprising and is at odds with the anomalous properties of 30 Dor and the abundant presence of large VSGs.
We have examined the H II region sample of Slater et al. (2011) and find that their division between classical and superbubble cases may not be consistent with observations. For example, DEM L34 (= N11; DEM designation from Davies et al. 1976 ) and DEM L152 (= N44) both contain multiple OB associations with a central superbubble surrounded by compact H II regions, but are classified as "classical" and "superbubble" H II regions, respectively. Furthermore, they have used the integrated dust emission from entire H II regions, while it is expected that the influence of stellar energy feedback ought to depend on radial distances from the stars.
To investigate the influence of massive stars on interstellar dust grains with the least ambiguity, we have chosen to study two clearly defined classical H II regions, N63 (= DEM L243) and N180 (= DEM L323), and two relatively simple superbubbles, N70 (= DEM L301) and N144 (= DEM L199), whose stellar content is well studied. We have analyzed Spitzer observations of these four regions, measuring flux densities in radially distributed subregions, constructing SEDs, and using dust emission model fits to determine the dust properties. In this paper, we describe our methodology, target selection, and data sets used in Section 2, discuss the stellar content and assess the stellar energy feedback in Section 3, describe the creation and modeling of SEDs in Section 4, examine the results of each H II region in Section 5, discuss the relationship between stellar energy feedback and dust properties in Section 6, and summarize the findings in Section 7.
Overview of Methodology, Targets, and Observations
Our strategy for studying the effects of stellar energy feedback on dust grains was to (1) select clear-cut classical and superbubble H II regions around OB associations with wellstudied stellar content, (2) use the known stellar content to estimate the radiation field, (3) use archival Spitzer observations to extract SEDs for a series of subregions sampling different radial distances to the ionizing OB association, (4) use dust emission models to fit the SEDs and assess the dust properties with respect to the stellar radiation field, and (5) examine the evolutionary status and dust properties of the H II regions and search for variations of dust properties that may be caused by stellar feedback. Below we describe the four H II regions selected for this study and the data sets used in the analysis. The methods of analysis are described in detail in later sections.
H II Regions Selected for Analysis
We have selected two pairs of H II regions to study their spatially resolved dust properties. The first pair consists of young H II regions, in which massive stars have not cleared a large central cavity via fast stellar winds and supernova explosions. The Hα surface brightness peaks near the central OB association. Such H II regions are often referred to as "classical" H II regions. For this type we have chosen N63 and N180, also known as DEM L243 and DEM L323, respectively.
N63 encompasses the OB association LH 83 (Lucke & Hodge 1970) . The stellar content of LH 83 has been studied both spectroscopically and photometrically by Oey (1996) . As seen in Figure 1 , the H II region appears amorphous with a few bright patches. The most massive star in this region has exploded and produced the SNR N63A (Mathewson et al. 1983; Chu 1997; Warren et al. 2003) , marked by the X-ray contour over the [S II] image in Figure 1 . N63 is also classified as a classical H II region by Slater et al. (2011) .
N180 is photoionized by the OB association LH 117. The massive star content of LH 117 has been reported by Massey et al. (1989) . Figure 1 shows a bright compact H II region with some filamentary structure along its periphery. The internal kinematics of this H II region show local expansion around some massive stars, but no large-scale expansion or SNR shocks have been detected (Nazé et al. 2001) . Both this paper and Slater et al. (2011) classify N180 as a classical H II region; however, we exclude the faint southeast extension that is photoionized by the OB association LH 118 because the lack of dense gas near the ionizing stars implies a more evolved state.
The second pair consists of superbubbles, in which OB associations have cleared a central cavity and swept the interstellar gas into a shell structure. We have selected two superbubbles, N70 and N144, also known as DEM L301 and DEM L199, respectively.
N70 is a superbubble around the OB association LH 114. The massive stars in LH 114 have been studied by Oey (1996) . This superbubble has essentially thermal radio emission (Dopita et al. 1981 ) but shows detectable diffuse X-ray emission, indicating interactions with a recent supernova explosion (Chu & Mac Low 1990) . Slater et al. (2011) also classify N70 as a superbubble.
N144 is a superbubble blown by the OB association LH 58. The massive stars of LH 58 have been studied in detail by Garmany et al. (1994) . We have classified N144 as a superbubble, in contrast to the classical H II region classification by Slater et al. (2011) , because N144 shows a limb-brightened morphology and an expanding shell structure in highdispersion, long-slit echelle spectra in the Hα line. No SNRs have been reported in N144. Massive young stellar objects (YSOs) have been found in N144 (Gruendl & Chu 2009 ), indicating on-going star formation.
The emission from stars, gas, and dust in these four H II regions can be seen in the multi-wavelength images presented in Figure 1 (two classical H II regions) and Figure 2 (two superbubbles).
Observations and Data Sets
Multi-wavelength data sets were used in this work. First, we used optical emission-line images of the H II regions to examine the spatial distribution and spectral variations of the ionized gas and to diagnose the ionization fronts and interstellar shocks. We then used the observed stellar content of these regions to estimate the interstellar radiation field; we adopted spectroscopically determined stellar types available in the literature, and for the rest we assessed stellar types and masses using optical photometric data. Finally, we used archival Spitzer observations to extract the SEDs of the dust emission for further modeling and analysis. These data sets are described below.
Nebular Emission-line Images
Hα, [O III] λ5007, and [S II] λλ6716, 6731 images of these H II regions are available from the Magellanic Cloud Emission-Line Survey (MCELS; Smith & MCELS Team 1999) . These images are neither continuum-subtracted nor flux-calibrated; thus, only variations in the surface brightness profiles or line ratios can be determined quantitatively. A rough Hα flux calibration can be made by comparisons with the integrated Hα fluxes reported by Kennicutt & Hodge (1986) . The angular resolution of the MCELS images is 2-3 .
We have obtained higher-resolution Hα images of our target H II regions using the MO-SAIC2 camera on the Blanco 4m telescope at the Cerro Tololo Inter-American Observatory. The images were bias and flat-field corrected. Astrometric solutions were obtained through comparisons with the Two Micron All Sky Survey Point Source Catalog, typically resulting in better than ∼0. 2 accuracy. The Hα images presented in Figures 1 and 2 have ∼1 resolution and are combinations of at least 3×300 s exposures. These MOSAIC Hα images are also not continuum-subtracted or flux-calibrated, but they are useful in showing positions of ionizing stars, dust lanes, and small-scale structure of the ionized gas.
Spectroscopic Classifications of Massive Stars
The most massive stars are also the most luminous stars and thus dominate the radiation field of an OB association. Since hot massive stars emit mostly in the far-ultraviolet, the effective temperature and luminosity of a massive star cannot be determined reliably from optical photometry; spectroscopic classifications are needed (Massey 1993) . All four H II regions selected for this work have their stellar content well studied both photometrically and spectroscopically.
For the most massive stars, we relied on the spectroscopic classifications published in the literature and have included the following in our sample: for N63, Oey (1996) classified 14 OB stars and 2 late-type supergiants, and for N70, classified 18 OB stars and 5 late-type supergiants. For N144, Garmany et al. (1994) listed new and published spectral types for 39 OB stars and 3 late-type supergiants, and for N180 Massey et al. (1989) provided new and previously published spectral types for the 19 bluest stars and 2 supergiants.
The spectral types and luminosity classes of OB stars from these studies were used to determine their masses and contributions to the radiation field. The late-type supergiants are as luminous as main-sequence B0 stars and were thus included in the calculation of radiation fields.
Magellanic Clouds Photometric Survey
For main-sequence stars later than late-O, the spectral types can be assessed from optical photometry; therefore, we used the Magellanic Clouds Photometric Survey (MCPS) catalog for stars in the LMC (Zaritsky et al. 2004 ). This catalog was also used to identify stars in areas around the H II regions which are not covered by previous spectroscopic studies but whose massive stars may make significant contributions to the radiation field. MCPS provides astrometry and U BV I photometry of stars and is reasonably complete for sources with V 20 mag. Each MCPS entry contains a set of flags that indicate the quality of the individual detections, including how well the source compares to the point spread function (PSF) and whether the measurements were replaced by photometry from the literature.
We have excluded catalog entries that do not have a complete set of photometric measurements in the U BV bands, whose magnitude errors in any band exceed 0.2 mag, and whose stars are excluded from PSF fitting or are not well fit by the PSF. Furthermore, we excluded detections whose (B − V ) ≥ 0.2 mag since the B versus B − V color-magnitude diagram (CMD) becomes noisy/random for these values. In these H II regions, the extinction E(B − V ) of massive stars based on spectroscopic studies (Massey et al. 1989; Garmany et al. 1994; Oey 1996) are rarely above 0.25 (with the max at ∼0.4). Given the intrinsic B − V values for stars above 7 M (e.g., Cox 2000) , this sample will rarely exclude stars that add significant radiation (see Section 3.1) within our H II regions.
The MCPS photometry in the central region of N180 appeared uncharacteristically erroneous upon initial inspection. The MCPS observations were made using a drift-scan camera, which was unable to resolve densely distributed stars against a bright nebular background (Zaritsky et al. 2004) . For this reason, in the high surface brightness central region of N180, we opted for the photometric results from Massey et al. (1989) , prioritizing with spectral types from the same study when possible. In this region, Massey et al. (1989) provides 192 photometric observations with (B − V ) < 0.2, and 21 spectroscopic observations.
Spitzer Space Telescope Observations
The Spitzer SAGE observations of the LMC used the Infrared Array Camera (IRAC) and the Multiband Imaging Photometer (MIPS) instruments. The IRAC images have four bands centered at 3.6, 4.5, 5.8, and 8 µm, and the MIPS images have three bands centered at 24, 70, and 160 µm. The detailed survey strategy and data processing of the SAGE observations can be found in Meixner et al. (2006) . For all four IRAC bands, we sampled available 1.
• 1×1.
• 1 tiles of our H II regions from the most recent SAGE data release, DR3 (2009). For MIPS, we sampled data from DR3 or DR2 (2008) depending on the availability of specific data. For example, a complete mosaic for MIPS 160 µm was available in DR2, but not DR3. In addition, the available 24 µm mosaic of the LMC from DR3 was prohibitively large due to its higher resolution, but 1.
• 1 tiles are not released in DR3; thus the small 24 µm files from DR2 were used. Image size was not an issue for the 70 µm mosaic, so the DR3 mosaic was used.
Stellar Content and Radiation Field
To investigate the effects massive stars have on the dust in these H II regions, we must quantify the stellar radiation field. We accomplish this by (1) estimating luminosities from their spectral types, when available, or through comparisons of their locations with stellar evolutionary tracks in CMDs, then (2) determining their bolometric incidence flux on designated subregions.
Photometric Estimation of Stellar Masses and Luminosities
To estimate the masses and luminosities of stars without spectroscopic classifications, we used the photometric measurements from MCPS and Massey et al. (1989) and compared them against stellar evolutionary tracks from Lejeune & Schaerer (2001) for initial masses between 5 and 120 M . Along these evolutionary tracks, the effective mass, luminosity, temperature, and predicted U BV RI photometry are tabulated for time steps of ∆ log t = 0.05 dex starting at 10 3 yr. We adopted the evolutionary tracks for a metallicity Z = 0.4 Z , which is close to the LMC metallicity.
The extinction to individual stars is unknown, but the stars of interest are blue; therefore, we opted to use the Wesenheit extinction-free magnitude (Madore 1982) and the Johnson Q reddening-free color Q ≡ (U −B)−(B − V )E(U −B)/E(B −V ) (Johnson & Morgan 1953) , where DM = 18.5 is the distance modulus of the LMC, E(U − B)/E(B − V ) = 0.72 mag for blue stars, and A V /E(B − V ) = 3.1 mag from the canonical extinction law.
We assigned masses and luminosities to our candidates by plotting their extinction-free parameters (W and Q) in a CMD alongside the evolutionary tracks. As with the MCPS data, the evolutionary tracks were expressed in extinction-free parameters for direct comparison. The evolutionary tracks represent stars of masses 5, 7, 10, 12, 15, 20, 25, 40, 60, 85 , and 120 M . The closest evolutionary track to a star gives an estimate for its mass, and its position along the track determines its luminosity. We remove stars lower than 7 M by matching them to the 5 M track. Our final analysis includes stars with estimated masses 7 M . The exclusion of lower mass stars is justified because for an unevolved population with the Salpeter (1955) initial mass function (IMF), only ∼4% of the total radiation is contributed by stars < 7 M . Indeed, spectroscopic surveys (Massey et al. 1989; Garmany et al. 1994; Oey 1996) have shown that our regions have IMF slopes similar to or steeper than the slope of the Salpeter (1955) IMF. Moreover, these surveys show that our regions are relatively unevolved since they still have massive O-stars (O3-4 in N70, N180, and N144 and an O7 in N63).
A sample CMD can be found in Figure 3 , which shows evolutionary tracks and stars in N63; the rest of the CMDs are available in the online version of this paper. With approximated luminosities for the massive star candidates, the radiation field could be quantified. For both N63 and N70, the highest mass stars as ascertained by the evolutionary tracks (and have no spectroscopic classification) were 25 M . N144 and N180, on the other hand, included several stars at 40 and 60 M that were not observed in spectroscopic surveys. The masses of these stars are uncertain, but this should not affect the calculation of the radiation field incident on our subregions (described in the next section) by more than a factor of two.
Radiation Field
Based on the fitted evolutionary tracks, 146, 208, 682, and 345 massive stars (M 7) determined from photometry exist across the H II regions N63, N70, N144, and N180, respectively. The luminosities of these stars were calculated from their positions along their mass evolutionary tracks. In addition to the photometric sample, 16, 23, 42, and 21 spectroscopic sources exist in N63, N70, N144, and N180, respectively, whose masses and luminosities were estimated directly from their spectral types (Johnson 1966; de Jager & Nieuwenhuijzen 1987; Cox 2000; Smith et al. 2002) . Both photometric and spectroscopic luminosities were used in the radiation field calculation.
The line-of-sight locations of the stars are unknown, so it is impossible to compute the three-dimensional radiation field. As an approximation, we produced a two-dimensional radiation field image by adding the fluxes of all the stars about each H II region using an inverse square law with effective distance d eff = √ 2d proj , where d proj is the projected distance to a star. These images are shown in the rightmost panels of Figures 4(a)-7(a). The radiation flux for various parts of each H II can be calculated to approximate the total incident power on each subregion for comparison with exhibited dust properties. The calculated interstellar radiation field (ISRF) presented for each subregion is the median ISRF, which allows direct comparison to the methodology discussed in Section 4.
Constructing and Modeling of Spectral Energy Distributions of Dust Emission

Construction of SEDs and color-color Diagrams
In order to investigate how spectral properties of dust emission vary radially throughout each H II region, we (1) defined radial subregions based on ionized features in Hα images, (2) filtered out contamination due to individual stars in the IRAC bands, (3) calculated background-subtracted fluxes in each subregion, (4) established SEDs for each subregion for further modeling, and (5) constructed color-color diagrams (CCDs) for comparisons among the subregions.
For each H II region (N63, N180, N70, and N144), we used MOSAIC Hα images to examine the distribution of ionized gas in the region. We then placed circular apertures (subregions) with a 40 -diameter (10 pc at the distance of the LMC) in a pattern bisecting the stellar content to sample the dust emission radially for each H II region. In N63, N70, and N144 we used a cross pattern (evenly spaced in each of the four cardinal directions), and for N180 we used a single cut from the northeast to the southwest in order to avoid the diffuse H II region around the OB association LH118 to the southeast. For each H II region, the subregions extend beyond the bright Hα emission. To estimate the local foreground and background emission, we placed an additional subregion well outside the ionized region at a location with low flux in all the Spitzer bands and devoid of massive stars as identified in To reduce the contributions of bright stars to the IR emission, we used a box median filter with size 4. 2×4. 2 (7×7 pixels) to remove point sources from images in the IRAC bands. In the median-filtered images, several of the brightest remaining objects can be identified as extended background galaxies. As a test, SEDs were computed for subregions using both median-filtered and unaltered images for N63. The uncertainty estimates (the method of calculating these are discussed below) indeed show ∼25% improvement when the contamination by individual stars has been median-filtered out. The MIPS images were not median-filtered, as stellar emission is negligible compared to dust emission at these long wavelengths.
The flux density of each subregion was calculated by measuring the median flux value of the pixels within each subregion (using the median-filtered IRAC images and unaltered MIPS images) and multiplying by the total pixel count. A background subregion's flux density was then subtracted from each subregion's flux density to determine the local emission. The median was chosen rather than the mean because large ranges of fluxes with non-Gaussian distributions were often present. To assess the approximate uncertainty of each measurement, we used the first and third quartile of the flux distribution within the subregion as estimates for the lower and upper uncertainty estimates, respectively. Since the resolution and data-sampling of Spitzer is wavelength-dependent, the number of pixels which formed each flux measurement varies with band. A subregion in each of the four IRAC bands contained 3409 pixels, while the MIPS 24, 70, and 160 µm bands had 197, 49, and 5 pixels, respectively. Therefore, the quartile error-bars show the spread of subregional fluxes for all bands except MIPS 160 µm (however the 160 µm error bars do not grossly affect SED fitting). The flux densities from the seven Spitzer mid-IR bands were then combined to form an SED for each subregion. The photometric flux density measurements of each subregion for all four H II regions are shown in Table 1 .
Our SEDs, as derived from median-filtered images, were also compared to SEDs made from SAGE's smoothed and point-source-subtracted residual images (Meixner et al. 2006) . Subregion fluxes for the median-filtered images typically differed from the residual images by less than 10%, though for N144, which has the most stars, fluxes differed by about 15%. Therefore, the general shape of the SEDs for both the median-filtered images and SAGE residual images were very similar. The point-source subtractions in the SAGE residual images sometimes caused artifacts within the subregions and were often either under-or over-subtracted. For these reasons, we preferred our median-filtered images, though similar results would be obtained if we used the residual images.
Finally, we used these photometric measurements to construct CCDs for each H II region to search for SED slope changes and color groupings among the subregions. The color magnitudes were calculated based on the Vega zero-magnitude flux densities: 280.9 ± 4.1, 179.7 ± 2.6, 115.0 ± 1.7, and 64.13 ± 0.94 Jy for the 3.6, 4.5, 5.8, and 8.0 µm bands respectively (Reach et al. 2005 ) and 7.17 ± 0.11 Jy for 24 µm (Rieke et al. 2008) . CCDs including 70 and 160 µm measurements were not included due to lack of distinct spectral features seen in SEDs, low pixel count sampled, and lack of zero-magnitude flux at these wavelengths in the literature. CCDs for each regions can be seen in panels (c) and (d) of Figures 4-7.
SED Modeling
In order to study the dust properties in each subregion, we simulated the SEDs using the dust emission modeling tool DustEM 1 (Compiègne et al. 2011 ). The DustEM code allows an arbitrary combination of various grain types as input and produces a model SED based on the incident radiation field strength and grain physics in the optically thin limit. We adopted the Désert et al. (1990) dust model implemented in DustEM which includes stochastic heat-ing of grains and consists of three dust grain populations: polycyclic aromatic hydrocarbons (PAHs), VSGs composed of carbonaceous material, and big grains (BGs) made of astronomical silicates. The free parameters in the SED fitting include the mass column density of each dust population and the ISRF parameter U , as scaled from the solar neighborhood ISRF described by Mathis et al. (1983) . With U as a free parameter rather than temperature, the model inherently assumes that radiation is the dominant component for heating the dust grains instead of other processes (e.g., shocks), which is likely the case for our H II regions.
The model SEDs were integrated over the filter transmission 2 of each band to get photometric fluxes. The model fluxes were compared with the observed fluxes, and the smallest χ 2 value was used to determine the best-fit model. As the 3.6 and 4.5 µm flux densities are potentially contaminated by starlight, hydrogen Brα line, and/or molecular hydrogen lines (Flagey et al. 2006; Churchwell et al. 2004; De Buizer & Vacca 2010) , they were excluded in the SED fitting (more on this below). We note that the value found for U is primarily constrained by the band flux ratio of 70 and 160 µm, and the PAHs and VSG mass column densities are most sensitive to IRAC bands and 24 µm band, respectively. Table 2 summarizes the modeling results. The best-fit dust composition is given as Y PAH /Y DUST and Y VSG /Y BG , in which Y is the dust mass abundance for a given grain type. The visual extinction, A V , was derived from the modeled extinction curve and is an indication of the dust column density. The median and range of the BG equilibrium temperatures, T eq , are also listed in the table and are highly dependent on the value of the modeled U . T eq values in each region typically peak toward the center and decreases radially. We do not list the fits for a subregion in the following situations: (1) if one of the 70 µm and 160 µm bands used for a fit has a negative background subtracted flux (U strongly depends on these bands, and, without U , the other free parameters usually are not well-constrained), (2) at least three of the four fitted parameters are less than or equal to their corresponding error bars, and (3) the case of N70 subregion 6, which had an unphysical ISRF fit of U = 285.0±69.0 due to a large 160 µm error bar.
An example of the dust emission model is shown in Figure 8 for N180 subregion 2 (high Y VSG /Y BG ) and subregion 6 (high Y PAH /Y DUST ). The model emission contributed by three grain populations are presented in dashed or dotted lines, with the total emission in the solid blue line. While the model SED reproduced the photometric flux densities included in the SED fitting, it did not predict 3.6 and 4.5 µm well. In fact, for most locations of our four regions, the 4.5 µm dust emission produced by the Désert et al. (1990) model is much lower than observed. To explain the 3.6 and 4.5 µm discrepancy, we tested more complicated PAHs models from Draine & Li (2007) and Compiègne et al. (2011) (also implemented in DustEM), which have both neutral and ionized PAHs. Although the usual small discrepancy (less than a factor of 3) at 3.6 µm can be explained by adjusting the PAH ionization fraction, the 4.5 µm dust model flux is still underpredicted. Thus, for our dust modeling, we excluded the 3.6 and 4.5 µm bands from our SED fits. Due to the lack of 4-5 µm spectroscopic observations to resolve the line and continuum emission, any further interpretation is beyond the scope of this work. Therefore, we have five fixed parameters (two IRAC and three MIPS bands) and four fitted parameters (Y PAH , Y VSG , Y BG , and U ).
We note that the Désert et al. (1990) modeling of VSGs differs from many recent dust models (e.g., Draine & Li 2007; Compiègne et al. 2010) . VSGs in newer models are typically modeled by multiple distributions of different grain types with sizes ranging from ∼3-400Å. However, due to the limited number of bands, our data are best modeled by one VSG component, which, in the Désert et al. (1990) model, consists of "medium-sized" VSGs that have radii between 12 and 150Å. This grain is highly dependent on whether or not an SED has a 24 µm excess. With only three grain types, we also note that BG and VSG are typically anti-correlated; thus, the change in the fraction of Y VSG /Y BG may be somewhat over-exaggerated.
Analysis
For each H II region we have utilized photometric and spectroscopic data of massive stars throughout the region to estimate the radiation field, constructed and fitted SEDs for the radially placed subregions, and created CCDs for the subregions. For the CCD in Figure 4 (c), we have three subregion groups (ignoring the faint emission from subregion 7): (1) 9, 15, and 22, (2) 5, 6, 18, and 19, and (3) all others. Group 1 has the most fractional PAH emission; subregion 9 is contained within a molecular cloud, subregion 15 straddles the boundary between ionized gas and a dust lane, and subregion 22 is located just outside the H II region. These environments are where photodissociation regions (PDRs) are expected; thus, their high fractional PAH emission is not surprising. Group 2 indicates the least fractional PAH emission. Subregions 18 and 19 have a high radiation field which likely destroys the PAHs, while subregions 5 and 6 are toward the low-density edge of the H II region where the gas might be optically thin to the ionizing flux and PAHs are destroyed.
The CCD in Figure 4 (d) shows a slight diagonal spread toward the top-left (most PAH). Subregions toward the center of N63 have by far the lowest fractional PAH emission and those farthest away have the highest. The fractional PAH emission appears to gradually increase radially without large jumps, likely because the PDRs are smeared by the large aperture size and line-of-sight integration for the subregions.
DustEM modeling shows that PAH fraction slightly increases outward from the central OB association of N63, consistent with the observations. In addition to its effect on PAH features, the OB association may also play a role in the increased Y VSG /Y BG fraction ( Figure  4(b) ), which peaks strongly at the locations of the highest radiation field and falls off along the radiation field.
N180
N180 is a classical H II region powered by a central OB-association, whose stars are concentrated at the center of the diagonal cut on subregions 1 through 3 ( Figure 5 ). Following the diagonal cut southwest, molecular gas becomes prevalent in subregions 2 through 13. Northeast of the central OB association, the remaining subregions 14-20 contain little to no molecular gas and are located progressively further away from the massive stars.
The CCD of N180 in Figure 5 Group 2 is located to the northeast of group 1 and is less affected by radiation from the massive stars. As the CCD indicates, PAH emission is increased in this group as compared to group 1, likely due to the fact that there is less harsh UV radiation to destroy PAHs. Moreover, PAH features are the most prevalent in group 3, whose subregions are deep in the molecular cloud and are far away from massive stars; thus, these locations have more available molecular gas and less destructive stellar radiation. The fitted results for the PAH fraction of dust agree with these results, with an overall increasing trend from the central subregions of group 1 toward group 3 and a dip in the PAH fraction for subregions 10 and 11 where there appears to be less molecular gas.
As with N63, the Y VSG /Y BG fraction of N180 also peaks strongly at the locations of the highest radiation field (Figure 5(b) ). Furthermore, it decreases rapidly to the southwest and more gradually to the northeast. The more dramatic decrease toward the southwest may be an indication of an increased fraction of BG inside the molecular cloud.
Superbubbles-N70, N144
N70
The N70 superbubble has a distinct shell and a hollow interior, with the central OB association dominating the ISRF particularly in subregions 1, 2, 3, 9, and 10 ( Figure 6 ). The SED flux is well-behaved compared to the other regions; fluxes generally decrease radially in each band, with the continuum bands decreasing slightly faster than PAH bands.
There are no obvious groupings in the CCDs (Figure 6 (c) and 6(d)), though subregions 6 and 20 especially show signs of decreased PAH. These two subregions lie on the limbbrightened superbubble shell; at these locations there is increased emission at 4.5 µm (which is evident in Figure 2 ), possibly due to the Brα line incident in this band. Outside of the superbubble, the CCDs and DustEM fits show an increase in PAH emission for subregions 28 and 29, which are superimposed on CO and a small H I concentration. The central molecular cloud, however, does not show an increase in PAH emission, but the radiation is high at this location.
While other regions have DustEM ISRF fits similar to the ISRF as determined by stars, the ISRF comparison is quite different in N70. This disparity may be due to the fact that stars are centralized in the superbubble, but the sampled subregions show all dust within the line of sight. As opposed to the other H II regions, dust emission for N70 is likely coming from the shell and not the central region. Thus, a uniform distribution of dust along the hollow shell may explain why we do not find strong radial dependence on PAH or VSG.
N144
N144 is a young supperbubble containing more massive stars than N70. Of the four regions, it is the only one declared optically thin by Pellegrini et al. (2012) , although N70 is optically thin at most locations as well. Indeed, N144 contains more massive stars (by number and mass) than any of our analyzed regions. Figure 7 (a) and (b) indicates a much higher radiation field, as compared to other regions, throughout all sampled subregions. Though massive stars are located throughout N144, their concentration peaks toward the center. Subregion 1 contains a massive YSO (Gruendl & Chu 2009 ) which dominates Spitzer emission in all bands. Large-scale molecular clouds are found throughout N144, with the main clouds located toward the northwest and the south (Figure 7(a) ).
As indicated on the CCD in Figure 7(d), subregions 13, 14, 25, 26 , and 27 all have minimal fractional PAH emission. These subregions are located toward optically thin locations and, other than subregion 27, are outside molecular clouds. To the west, subregions 4-9 have the most fractional PAH emission, likely due to the presence of a molecular cloud (the 8 µm band indicates that subregions 7-9 are likely still in the molecular cloud) and a reduced radiation field. Subregions 2 and 3 show a fractional PAH emission transition toward that of subregions 4-9. In the south cut, subregions deepest in the molecular cloud (29-31) have the most fractional PAH emission, with subregion 28 showing a transition from subregions 25-27.
DustEM fits affirm a steady increase in PAH mass fraction in the south and west toward molecular clouds. Subregions 18-20 indicate the highest fitted PAH mass fractions, and we note that if we use lower contours in Figure 7 (a), there is large-scale molecular gas at these locations as well.
Fits of the Y VSG /Y BG fraction are found to be the highest at the center, with a steady decrease toward the outer subregions. However, this decrease in Y VSG /Y BG is not true for the eastern cut, where the fraction increases. The eastern cut is likely encountering an optically thin region (lacking [S II]/Hα enhancement), which may be responsible for an increase in the VSG population.
Molecular Clouds and PAHs
As seen in N180 and N144, the most obvious parameter that changes radially from the central OB association is the PAH mass fraction due to the presence of a (giant) molecular cloud. In order to further test if such features are genuine, we picked a molecular cloud to the northwest of N180 that is not associated with photoionized gas (i.e., no Hα emission, Figure 5(a) ). The subregions in this molecular cloud are plotted as red points in the CCDs of N180 (Figure 5(c) and (d) ). These red points are in the same vicinity in the CCD as subregions 8-13 in N180, indicating a similar composition of PAH mass fraction in both molecular clouds.
Even on the outskirts of this northwest cloud, the red points stay in the same general vicinity in the CCD; however, N180 subregions 5-7 show transitory colors between the central OB association and the molecular cloud. For this northwest cloud, it is possible that PAHs are only excited on the surface of the cloud due to starlight and thus are not modified radially. N180, on the other hand, has coexistence of molecular gas and ionized gas, and intense radiation fields break down the PAHs. Thus, the destruction of PAHs by OB stars is likely to lead to changes in PAHs radially throughout an H II region.
Discussion
We have used model fits to spatially resolved SEDs of two classical and two superbubble H II regions to determine the dust composition and properties with respect to the radiation field. In this section we discuss the individual dust components and compare the dust properties in differing H II regions and SNRs.
Dust
PAHs
Radiation is needed to excite PAHs; however, PAHs also can be destroyed in the presence of a strong radiation field (e.g., Madden et al. 2006; Lebouteiller et al. 2007) , primarily due to high energy photons (e.g., Aitken & Roche 1985; Voit 1992) . Moreover, the location of PAH and H 2 emission are strongly correlated in cool-PDRs, such as the filaments in the Horsehead Nebula (Habart et al. 2005; Compiègne et al. 2007 ) and ρ Ophiuchus (Habart et al. 2003) . However, the locations become anti-correlated with higher radiation field, as seen in the Orion bar (Tielens et al. 1993 ) and in Monoceros R2 (Berné et al. 2009 ).
The results in this paper are consistent with these studies. We find that PAH emission is enhanced toward locations of molecular clouds except where the radiation is high. We also find that PAH emission is diminished at locations that are optically thin to UV radiation.
Since our regions are relatively young (no known SNRs in N144 and N180, one known in N63, and a history of one or multiple in N70), the radiation field is dominated by massive stars that produce harsh photons. Although high energy photons are the main mechanism for destroying PAHs rather than the radiation field, we will assume that the stellar content of the regions follow the same initial mass function and have similar spectral shape in their radiation field and attempt to provide an estimate of the typical U required for significant PAH destruction. In particular, we focus on N144 and N180 since N63 lacks large-scale CO observations and the dust emission from N70 is thought to come from the surrounding shell. For these two regions, Figure For both panels, subregions for N180 indicate that PAHs are less coincident with CO molecular gas for high U , particularly above U ≈ 30. N144 subregions have points in the same general vicinity as N180, but an obvious correlation between PAHs and radiation field is not apparent. This could be due to the lack of data (particularly at low values of U ) or physical differences between N144 and N180.
Our calculations of the radiation field may be highly uncertain since they can be quite dissimilar (sometimes by about an order of magnitude) to the fitted results. However, the fitted results of U are typically below those of the massive stars, so U ≈ 30 is a fair estimate of an upper limit of the typical radiation field needed to destroy PAHs in N180. Though the U limit of N180 may not be representative of other molecular clouds, we note that maps in Galametz et al. (2013) also show a reduction at PAHs with similar modeled U values in the LMC classical H II region N159, with a drastic depletion in the fraction of PAHs for U 100.
VSGs and BGs
In all of our H II regions except N70 (whose dust is uniformly distributed about its shell), Y VSG /Y BG is highest at locations where the radiation field is the strongest, as evident in Figure 10 . We stress that the VSG population is highly dependent on each SED's 24 µm excess and is typically anti-correlated with the BG population.
Grain populations typically change due to both destruction (i.e., dust changes back to gas) or disruption (large grains break into smaller grains). Jones et al. (1996) showed that fast shocks (>150 km s −1 ) likely destroy grains via sputtering, while the velocity requirement for shattering BGs with VSGs depends on the dust species, with velocities ranging from ∼1-3 km s −1 . In our regions, dust-dust collisions are probably uncommon due to low densities (n H ∼ 100 cm −3 ). However, O-stars are known to have wind-blown bubbles expanding at velocities of 10-15 km s −1 (with observations of such bubbles in N180, Nazé et al. 2001 ), which could lead to grain shattering.
Other possibilities of an increased Y VSG include dust coagulation and dust erosion. Dust coagulation of the smallest grains into slightly larger VSGs could increase the 24 µm emission, but the dust in our regions are not in environments conducive to coagulation (see, e.g., Köhler et al. 2012) . Bernard et al. (2008) suggested erosion of BGs into VSGs likely explains the LMC's 70 µm excess in neutral/ionized regions. Moreover, dust erosion is thought to be increased during star formation due to increased dust processing (Paradis et al. 2011 ). The central OB associations of our H II regions have a rich history of previous star formation, which could certainly lead to more dust processing/erosion than the areas analyzed at the macro-scale (several 100 pc; Bernard et al. 2008 ), leading to the increased 24 µm emission. Thus, at scales of ∼10 pc, BGs near OB associations may have gone through substantial erosion that has caused this increase of VSGs.
On the other hand, Pilleri et al. (2012) saw a definite decrease of "evaporating" VSGs with increasing radiation field. The sources they analyzed typically had a higher radiation field (U 100) than our regions, though we still see an increase in VSGs from U = 100 to U = 1000. However, their dust model of VSGs follows more closely to the smallest grains of Li & Draine (2001) while ours follows Désert et al. (1990) . Since Pilleri et al. (2012) modeled VSGs that are more similar to PAHs and thus have an emission spectrum at much shorter wavelengths, these VSGs are not comparable to the VSGs modeled in this paper.
Dust Properties of Evolved H II Regions
We find that N70, the most evolved H II region, likely has its dust mass located in the shell. However, major differences in dust properties between classical H II regions and superbubbles are not obvious with this small sample size. Relaño et al. (2013) analyzes the SEDs of 119 H II regions in M33, categorizing them in a likely evolutionary sequence (filled, mixed, shell, and clear shell morphologies). They found that each category had similar SED features, though differed slightly between each classification. Specifically, they found that the FIR peak is located at longer wavelengths for older regions (shells and clear shells), indicating that colder dust is likely present. Uniform cold dust temperatures are expected since gas has been pushed far away from the central heating source. This result is consistent with our analysis of N70, which shows a uniform, low fraction of Y VSG /Y BG compared to our less evolved H II regions that do not have the same shell geometry.
Comparison to SNR Studies
Changes in dust populations are commonly studied in SNRs due to their dynamic properties. Fast shocks ( 150 km s −1 ) allow dust to reach high velocities that may cause their destruction via catastrophic shattering or sputtering (e.g., Jones et al. 1996; Micelotta et al. 2010) , though VSGs and PAHs can also be created through low-velocity shattering (Jones et al. 1996) . While PAHs can survive or even be produced in slow shocks, fast shocks are generally considered to destroy all PAHs in a region except in circumstances where they can be recreated or protected by their environment (e.g., Micelotta et al. 2010; Seok et al. 2012) . Additionally, harsh photons provide another mechanism of destroying the smallest grains; the radiation field in SNRs can vary drastically, though it is typically about 10-100 times the local ISRF (e.g., Andersen et al. 2011) . With these different mechanisms for creation and destruction of dust, it is important to observe and model a wide range of SNRs with different shock velocities, densities, and radiation fields to test theoretical models. Moreover, dust properties of SNRs can be compared to our H II regions to provide a diagnostic of how dust changes in varying radiation fields in the absence of large shock velocities.
The Spitzer IR Spectrograph (IRS) has been used to study a large number of SNRs. Dust produced in supernova ejecta has been detected in young (<300 yr) SNRs (Rho et al. 2009) , and PAHs are detected in SNRs (e.g., Tappe et al. 2006) . Using a large spectral survey of 14 Galactic SNRs, Andersen et al. (2011) used DustEM (also using the Désert et al. 1990 dust models) to model the contributions of emission from BGs, VSGs, and PAHs. They found that the ratio of VSGs to BGs is 2-3 times larger in SNRs than the plane of the Galaxy, and they attribute dust shattering as the mechanism for creating the surplus of VSGs. Two of the 14 SNRs had relatively high radiation fields; fits of these regions had relatively low PAHs and virtually no VSGs. Andersen et al. (2011) suggested that these regions have high shock velocities and low densities, which can lead to destruction of VSGs and PAHs through sputtering.
With high radiation, we find that the VSG population can increase and PAHs are generally destroyed; however, fast shocks can destroy both grains. Unlike SNR regions, we find that VSG population increases where there is higher U , and there are no known fast shocks in our regions. Indeed, while observations from XMM Newton show X-ray emission from N70, there is no X-ray emission toward N180 and N144, and for N63, X-ray emission is only associated with the known SNR N63A (S. L. Snowden et al. in preparation) . It has been suggested that N70 has recently been heated by an interior SNR (Chu & Mac Low 1990; Rodríguez-González et al. 2011; N. Zhang et al. submitted) . If shocks are the main mechanism that are heating the grains in N70 rather than the ISRF, our DustEM modeling would be invalid (since U is our free parameter rather than temperature). Regardless, the shape of the SEDs of each subregion is the same with a dip at 24 µm, which agree with our DustEM fit of a uniform, low abundance of VSG. Therefore, it is most likely that a past history of fast shocks has destroyed the population of VSGs, and no mechanism has been available for creation of new VSGs (due to, e.g., the lack of centrally located gas since it has been blown away).
Summary
This paper is the first to examine radial SEDs on small scales (∼10 pc) across H II regions (of size-scales of 100-200 pc) in the LMC in order to evaluate the changes of dust properties caused by energy feedback of massive stars We selected two classical H II regions (N63 and N180) and two superbubbles (N70 and N144) in the LMC. From the massive stellar population, we approximated the radiation field throughout each region. SEDs were constructed using the seven Spitzer bands from the LMC (four IRAC and three MIPS bands). We used CCDs and DustEM modeling to analyze the changes in SEDs radially throughout each H II region. The changes in the SEDs were then compared to the radiation field in order to gauge the effects of massive stars on dust properties.
Our main results are as follows: 1) We find that the PAH mass fraction increases significantly toward molecular clouds except when there is a very strong radiation field. PAHs are likely being destroyed by the radiation field (in areas with U 30 for N180), and we typically detect the PAH mass fraction increase as we leave the central OB association. As expected, optically thin areas in our H II regions also have a diminished PAH mass fraction.
2) The VSG mass fraction increases at locations of an enhanced radiation field. Expanding bubbles may be launching dust at velocities that can cause BGs to shatter into VSGs. Dust erosion of larger grains into VSGs is another possible mechanism for the enhanced 24 µm emission. (Wong et al. 2011) . The IRAC 8 µm image shows red circles at locations (along with a background subregion) where we test the prevalence of PAHs in molecular clouds in the CCD (also shown in red). 
